In most cases, patients admitted to an intensive care unit (ICU) have suffered from severe trauma, undergone major surgery or been treated for a serious medical illness. Although they often experience more intense pain than general ward patients, they are frequently unable to communicate their experiences to health care providers, thus preventing accurate assessment and treatment of their pain. If appropriate measures are not taken to treat pain in critically ill patients, stress response or sympathetic overstimulation can lead to complications. The short-term consequences of untreated pain include higher energy expenditure and immunomodulation. Longer-term, untreated pain increases the risk of post-traumatic stress disorder. Because pain is quite subjective, the accurate assessment of pain is very difficult in the patients with impaired communication ability. The current most valid and reliable behavioral pain scales used to assess pain in adult ICU patients are the Behavioral Pain Scale and the Critical-Care Pain Observation Tool. Once pain has been accurately assessed using these methods, various pharmacologic and non-pharmacologic therapies should be performed by the multidisciplinary care team. Accurate assessment and proper treatment of pain in adult ICU patients will improve patients outcome, which reduces the stress response and decreases the risk of post-traumatic stress disorder.
sible for medical professionals to evaluate their pain accurately. [9] The present article aimed to describe adverse effects that may occur in adult ICU patients when their pain is not properly controlled. The article also addressed pain assessment tools, which have shown to be valid in evaluating pain in adult ICU patients with communication difficulties, and the effectiveness of both pharmacologic and non-pharmacologic management techniques available for them.
The Importance of Adequate Pain Management in ICU
Stein-Parbury and McKinley [10] reported in their prospective study that most ICU patients suffer pain. To manage the pain properly that ICU patients feel, accurate assessment and appropriate treatment of the pain is the most crucial factor. If pain in ICU patients is not properly managed, short-term side effects such as higher energy expenditure and immunomodulation can occur. [11, 12] In addition, the long-term side effects of uncontrolled persistent pain can include even post-traumatic stress disorder. [13] International Association for the Study of Pain (IASP) defines pain as an unpleasant sensory and emotional experience associated with actual or potential tissue damage, or described in terms of such damage. [14] As shown in this definition, pain is quite subjective, meaning that pain can be described very differently among patients suffering the same medical condition. Nonetheless, certain physiologic signs are commonly anticipated in patients when their pain is not controlled properly. And these responses may result in further adverse effects. Uncontrolled pain can cause deleterious systemic effects on the body by activating neuroendocrine stress, sympathetic overstimulation, excessive catecholamine release and inducing general stress response. [15, 16] Then physiological reactions to uncontrolled pain include anxiety, tachycardia, diaphoresis and catabolic metabolism. As indicated in Table 1 , those physiological reactions can lead to increased cardiovascular oxygen consumption, decreased gastrointestinal motility, tachypnea, altered pulmonary mechanics, water and sodium retention as a result of activation of the renin-angiotensin-aldosterone axis and cytokine production. Persistent chronic pain, when it remains unrelieved, will cause manifold effects, including immune system dysfunction, hypercoagulable states and an increase in thromboembolic disease, altered glucose control, myocardial ischemia, ventilator dyssynchrony, acute restrictive respiratory physiology, and disrupted sleep quality. [17, 18] In addition, ICU patients can experience functional impairment as a result of pain-induced respiratory dysfunction and failure of early ambulation, resulting in poor patient outcome and increased mortality risk. [19] Most adult ICU patients had major surgery, severe trauma or serious medical illness. Their life-threatening critical condition acts as a potent stimulus to sympathetic nervous system (SNS). [20] In response to any stimulus, the SNS triggers the fight-or-flight or stress response, which is the most efficient physiological mechanism contributing to our survival. [21] The stimulation of SNS is also crucial to critically ill patients because it boosts oxygen supply into tissues and allows the vital organs remain intact.
However, overactive SNS or persistent SNS stimulation is commonly present in adult ICU patients with critical illness. Chronic overstimulation of the SNS activates the stress response beyond tolerable time period and adaptive scope that exert beneficial effects, causing damaging effects. [20] In particular, the stress response system easily gets out of control when the SNS remains overstimulated during critical illness and causes adverse side effects. [20] Although the ICU is designed to provide intensive care for critically ill patients, the ICU environment itself can be the primary factor inducing stress responses in adult ICU patients. In the critical care setting, noise, sleep deprivation, disturbance of circadian rhythms, a lack of natural light and loss of entitlement increase stress in patients. [22] Recently, the relationship between the SNS and post-traumatic stress disorder (PTSD) has drawn attention. A study claimed 20% to 25% of ICU patients developed PTSD. [23] Also, PTSD patients were characterized by the SNS chronically activated over the normal baseline levels. [24, 25] PTSD patients also show elevated urinary norepinephrine [26] and significantly higher level of norepinephrine concentrations in cerebrospinal fluid, compared with the control group. [27] Norepinephrine concentration levels were correlated with the severity of PTSD symptoms, according to the latter study. The findings of increased noradrenergic activity among PTSD patients suggest a decrease in central nervous system noradrenergic activity would effectively treat arousal symptoms such as nightmares and startle reactions. [28] Pain Assessment for Adult ICU Patients However, the 2012 SCCM guidelines recommend not using vital signs alone for pain assessment in critically ill adult patients. [29] Nonetherless, it does not mean that changes in vital signs are useless for pain assessment. It is a well-known fact that changes in vital signs can provide important clues to enable closer examination or diagnosis. [36, 37] Medical professionals therefore rely on behavioral measures when evaluating pains in adult ICU patients with inability to communicate verbally. [5, 9, 37, 38] Behavioral measures in cognitively impaired adults examine common higher show a sensitivity of 86% and a specificity of 78% when predicting significant pain in postoperative adult ICU patients who underwent a nociceptive procedure. [40, 45] These sensitivity and specificity levels of the CPOT are considered similar to a BPS score of greater than 5, making it possible to predict that nonverbal adult ICU patients have significant pain during nociceptive procedure, compared with patients at rest. [32] While studies conducting pain assessment based on pain-related behaviors are still not enough, either BPS or CPOT has become the mainstay of pain assessment in ventilated patients.
CPOT is widely used for pain assessment in spontaneous breathing patients who cannot self-report. Separately, BPS-NI is regarded as an effective tool for assessing pain in non-intubated patients unable to self-report due to delirium and subsequent cognitive impairment. [5] Pain Treatment for Adult ICU Patients
Pain management methods for adult ICU patients are largely classified into pharmacologic and non-pharmacologic methods. [29] However, the most important requisite for pain management is to check whether there are any other possible causes of pain before undertaking any of these therapies. Table 2 . Potential drug-related side effects should be also noted. [31] The 2012 SCCM guidelines recommends IV opioids such as fentanyl, hydromorphone, morphine, methadone and remifentanil as the first-line treatment for non-neuropathic pain in adult ICU patients. [29] IV opioids are widely used because they are adequately potent without ceiling effects and have mild sedative and anxiolytic effects. [30] These drugs are therapeutically equivalent in terms of analgesic effects. Opioids can cause side effects, and therapeutic doses should be reduced or discontinued in the presence of side effects, which include respiratory depression, altered mental status, decreased gastrointestinal motility, hypotension, nausea and/or vomiting, pruritus, flushing, urinary retention, and delirium. [31] However, these side effects can be very serious, depending on patient condition. As described in Table 2 , properties and side effects can vary with the class of opioids, in addition to properties and side effects common to all opioids. Consideration should be therefore given to the expected effectiveness and side effects of opioids before administration. [29] Differences in lipid solubility, volume of distribution, half-life, Methadone is a strong medicine that prolongs the rate-corrected QT interval. [54, 55] Meperidine has the potential to cause neuroexcitatory adverse effects such as seizure. [49] It is not therefore recommended for ICU patients. To control neuropathic pain in adult ICU patients, enterally administered gabapentin or carbamazepine, in addition to IV opioids, are shown to be more effective than opioids alone, as strongly recommended by the 2012 SCCM guidelines. [29] Drug-based neuropathic pain treatment has been widely explored in non-ICU patients through randomized controlled trials despite some limitations of trials, including small sample sizes and the presence of side effects. Drugs used for neuropathic pain treatment include tricyclic antidepressants, selective serotonin receptor inhibitors, serotonin and norepinephrine reuptake inhibitors, anticonvulsants, tramadol, dextromethorphan, ketamine, topical capsaicin, lidocaine patch or gel and cannabinoids. [69] When choosing drugs for pain management, dosing method along with types of drug are important. [29] Once the type of drugs is decided, whether the drug will be administered intermittently or continuous IV should be chosen based on comprehensive factors, including pharmacokinetics, pain frequency and severity, and/or patient consciousness. [70] For enteral administration of opioids and other drugs, patient's gastrointestinal absorptive capacity and motility should be properly maintained.
2) Non-pharmacologic therapies
The use of systemic opioids alone is not often enough to manage pain in adult ICU patients, and sometimes other target-oriented techniques are performed to boost pain relief. [18] In case of an aged patient having difficulty breathing due to pain associated with multiple rib fractures, the use of opioids may increase the risk of too deep sedation and obtundity. But epidural or paravertebral catheterization can be a better choice in that case because it makes respiratory and physical therapy possible at the same time while the patient breathe on his or her own.
Regional analgesic techniques are employed when pain is not relieved by opioids alone, pain is well localized or risky side effects are expected as a result of opioids. These techniques are also used when they are considered as effective as IV opioids but their systemic side effects will be far less than opioid-induced side effects. [18, 30] In addition to the most commonly used epidural analgesia technique, various peripheral nerve block techniques are available for pain relief in adult ICU patients. [71] Epidural analgesia (EA) is the best known regional analgesic technique for pain management in adult ICU patients. receiving IV opioids. [77, 78] When an epidural catheter is required for prolonged analgesia, EA becomes more difficult to perform, requiring a longer procedure time and increasing risk of infection, depending patient's condition.
As described in Table 3 , there are also peripheral nerve block techniques useful for adult ICU patients. These regional an- Table 3 .
Paravertebral block can be performed on either side of the patient and limit diffusion of anesthetic up to 1 or 2 dermatomes from the needle insertion site, meaning that side effects that may occur with a wide block can be therefore prevented. Table 4 . Factors have to be considered in the use of regional analgesia
Pain can be relieved easily by simple methods such as repositioning or fixation of limb or body Have to treat after identification and adjustment of other causes of pain such as fixation, adjustment (e.g., withdrawal of endotracheal tube), or removal of devices Anatomically localized pain in a specific region such as postoperative or procedural pain is amenable to regional analgesic techniques Patient's level of consciousness has to be enough to evaluate the effectiveness of regional analgesia Regional analgesic techniques are contraindicated in the following conditions: patient refusal, local infection at the needle insertion site, preexisting neuropathy, local anesthetic allergies, severe bleeding tendency Risks can be reduced during the regional analgesia through use of ultrasound, tunneled catheters, correction of severe bleeding tendency breath and induces pulmonary complication. When EA is contraindicated, intercostal nerve block can be a good alternative.
However, like other regional analgesic techniques, the effectiveness of intercostal nerve block in adult ICU patients is limitedly known. Besides, multiple injections above and below the injured rib are required for proper pain management and duration of analgesic effect is short up to 4 to 8 hours. Intercostal nerve block cannot be continuously infused because of a high risk of complications. In addition, intercostal nerve block can increase the risk of systemic local anesthetic toxicity as a result of higher local anesthetic serum concentrations in patients with more than 1 or 2 rib fractures, compared with those of peripheral or neuraxial nerve blocks. [18] Femoral nerve block is very useful approach for acute preoperative pain after femoral neck fracture occurs. [80, 81] Fascia iliaca compartment block can be also employed in that case. [82, 83] A combination of femoral nerve block and sciatic nerve block is also used as a anesthetic in surgical treatment like external fixation apart from its role in pain control. [84] Although clinical outcomes of regional analgesia were not always beneficial, some studies showed good results. [72, 75, 85, 86] A study reported that neuraxial analgesic techniques reduced the length of intubation period and incidence of pneumonia. [87] Although further evidence is required, increasing studies stress a correlation between the use of narcotics and sedatives and occurrence of delirium and cognitive dysfunction. [68, 88, 89] Regional analgesia can reduce these adverse effects when properly used. [18] To choose an adequate procedure for patients, physicians should make sure patient's systemic and regional state and have accurate anatomical knowledge on procedure site. Physicians appear to be capable of devising a new technique when they have estab- lines available from the American Society of Regional Anesthesia that should be followed for such an regional analgesia. [94] For long-term pain management, local anesthetic should be continuously infused through a catheter, and infection risk should be clearly considered. [18] As mentioned above, opioids have immunomodulating properties, and a regional analgesia through a catheter requires extra caution in patients taking opioids frequently. [77, 78] Regional analgesia should be per-formed after considering possible infections associated with catheterization or patient's underlying illness such as sepsis. [18] When Regional analgesia is performed with a continuous catheter, the catheter should be not removed unless there are any signs of an infection. [79] Table 4 summarizes information that should be noted to perform a regional analgesic technique in adult ICU patient. More importantly, regional anesthetic techniques can be used appropriately for pain management in adult ICU patients provided the following four conditions are met. [18, 30] First, the extent to which regional anesthesia influences patient conditions should be accurately considered. Secondly, fully experienced anesthesiologist, pain physician or intensivist trained in anesthesiology and pain medicine is available to perform a variety of anesthetic techniques. Thirdly, well-experienced nurses who are able to identify complications related to surgical procedures or early warning signs of complications are available. Lastly, the ICU should be operated in a systematic way to provide an aseptic condition for catheter placement, regular inspection of devices and early detection of infection. However, these conditions are not met in many ICU settings, and the methods described in Table 3 is not widely used. Above all, there is not enough evidence that support the use of regional analgesia for pain management in the ICU. Further investigations are needed to improve the current pain control practices in the critical care setting, which demands more evidence to accept benefits of regional analgesia and further information to count adverse effects associated with regional analgesic techniques. [30] In addition to regional analgesic techniques, non-pharmacologic pain treatments also include music therapy, relaxation techniques, and non-pharmacologic complementary interventions like provision of information. [30, 31, [95] [96] [97] These techniques are easy, safe and economic to perform. Regional analgesia is not widely used for ICU patients amid insufficient investigations and lack of evidence to support benefits. However, regional analgesia will provide a new direction toward pain management in adult ICU patients by reducing the use of opioids and improving pain relief. [29, 30, 33] 
Conclusion
The assessment and treatment of pain is not done properly for adult ICU patients, even though they may suffer from quite severe pain, largely because they cannot verbally express their pain. If pain in adult ICU patients can be assessed more accurately based on patient characteristics and treated by multidisciplinary cares, including pharmacologic and non-pharmacologic methods, their pain and stress response can be controlled successfully, leading to a decrease in PTSD.
